Objective: To review the current literature on HIV associated non-Hodgkin's lymphoma. Methods: A comprehensive Medline/Pubmed search of articles pertaining to HIV associated non-Hodgkin's lymphoma as well as personal experience from the treatment of over 200 patients at the Chelsea and Westminster Hospital, one of the largest centres for the management of HIV disease in Europe. Conclusion: High grade B cell non-Hodgkin's lymphoma is the second commonest tumour aVecting people with HIV. The incidence of this tumour is not declining following the introduction of highly active antiretroviral therapy. Chemotherapy has been employed with modest success in this group of patients; however, the prognosis remains worse than for immunocompetent patients. Advances in molecular genetics and virology have led to a greater understanding of the biology of these tumours. However, these advances have yet to be translated into improvements in the clinical management of patients with AIDS associated non-Hodgkin's lymphoma. (Sex Transm Inf 2000;76:335-341) 
Introduction
Since 1981 and the emergence of the HIV pandemic, a close association between HIV infection and the development of a selected group of cancers has been noted. These malignancies include Kaposi' sarcoma, high grade B cell non-Hodgkin's lymphoma, anal cancer, and invasive cervical cancer. Most of these tumours have also been found to occur at a high incidence in patients with other forms of immunosuppression including iatrogenic immunosuppression following allograft transplantation. 1 It has emerged that viral oncogenesis may have a central role in the development of all of these tumours and that this could be the reason why these cancers are found more frequently in immunocompromised patients. Interestingly, hepatocellular carcinoma does not occur more often in HIV positive patients, although coinfection with HIV and hepatitis B and C is common. 2 This article discusses the features of high grade B cell non-Hodgkin's lymphoma in the setting of HIV and reviews the changes in the disease and treatment as the AIDS pandemic has developed.
Epidemiology
High grade B cell non-Hodgkin's lymphoma (NHL) has been classified as an AIDS defining illness since 1985 following the description of NHL in 90 HIV seropositive men. 3 In the era that preceded the introduction of highly active antiretroviral therapy (HAART) in 1996, NHL was diagnosed approximately 60 times more often in the HIV positive population than in the general population. 4 Among this group it appears to be slightly commoner in haemophiliacs and less common in injecting drug users. 4 In the pre-HAART era the incidence of AIDS related lymphoma remained fairly constant at around six to seven cases per 1000 person years.
5 NHL may be the AIDS defining illness or may occur in people who already have an AIDS defining diagnosis. NHL accounted for only 1.5% of first AIDS defining illnesses, 5 but was estimated to be 3.0-3.6% of all AIDS defining illness each year before 1996. 6 7 Since the development of NHL is associated with a relative risk of death of 20-fold, 8 HIV associated NHL caused up to 16% of all deaths attributable to AIDS. 4 9 The widespread introduction of HAART since 1996 has led to dramatic reductions in AIDS related morbidity and mortality throughout the developed world. 10 11 This is largely due to the marked fall in incidence of the major opportunistic infections such as Pneumocystis carinii pneumonia (PCP), cytomegalovirus (CMV), and Mycobacterium avium complex (MAC). Although this decline has also been observed in Kaposi's sarcoma, the eVect on NHL has not been so obvious. In a Swiss HIV cohort study, a substantial relative risk reduction from 1992-4 to 1997-8 was seen for development of Kaposi's sarcoma as well as other AIDS defining conditions but no significant trend was seen for NHL, implying a continuing risk for patients despite the use of potent antiretroviral therapies. 12 Other groups from the United States confirm this finding. The US AIDS Clinical Trial Group found the incidence of both Kaposi's sarcoma and NHL to be decreasing but the former far more profoundly and consistently. 13 A group from the San Francisco City Clinic found the incidence of lymphoma between 1993 and 1996 to be unchanged at 1.4-1.8 per 100 person years.
14 The Multicenter AIDS Cohort Study (MACS) actually found an increase in the incidence of NHL at a rate of 21% per year 15 while the incidence of Kaposi's sarcoma fell by 66% during the same period.
As a percentage of AIDS defining illnesses NHL has increased; in Western Europe it rose from 3.6% in 1994 to 4.9% in 1997. 7 This, however, is likely to reflect the reduction in other causes of AIDS more than a true rise in incidence. It may be that with increasing use and duration of HAART both the incidence and characteristics of AIDS associated lymphoma will change. NHL may not be falling despite HAART because HAART may not prevent chronic HIV related B cell stimulation, and other aetiological factors involved with the pathogenesis of NHL may be unaVected by HAART.
Histopathology
The classification of NHL aims to help the pathologist to recognise the diagnosis, the clinician to treat the patient, and the scientist to unravel the biology of the tumour. Primary eVusion lymphoma (PEL) or body cavity based lymphoma (BCBL) is a rare variant of HIV associated lymphoma that is characterised by eVusions in serosal cavities (pleura, pericardium, peritoneum) in the absence of solid nodal masses. PEL are CD30 (Ki-1) positive anaplastic large cell lymphomas which express an indeterminate immunophenotype with clonal immunoglobulin gene rearrangements. All PEL are associated with human herpes virus 8 (HHV8) infection and tumour cells carry a high HHV8 viral copy number. 22 In addition, many PEL are coinfected with Epstein-Barr virus (EBV) making the relative roles of the two herpesviruses in the pathogenesis of PEL diYcult to determine. Certainly, HHV8 expresses a limited repertoire of latent phase genes in PEL cells and these could play a part in cellular transformation. The clinical management of PEL does not differ from the HIV associated NHL, although patients frequently have advanced immunosuppression at diagnosis. Patients present with a median CD4 count of 90 ×10 6 /l while the median survival is 5 months.
Castleman's disease is a rare lymphoproliferative disorder originally described in 1956 and characterised by angiofollicular lymphoid hyperplasia. Two histological variants are recognised; a hyaline vascular variant and a less common plasma cell variant. Castleman's disease has germinal centre hyalinisation or atrophy surrounded by concentric layers of lymphocytes with prominent vascular hyperplasia, hyalinisation of small vessels, and interfollicular sheets of plasma cells and immunoblasts. Patients present with constitutional symptoms including fever, weight loss, and night sweats. Clinical findings include lymphadenopathy, hepatosplenomegaly, and rashes. Investigations frequently reveal microcytic anaemia, hypoalbuminaemia, and polyclonal hypergammaglobulinaemia. The optimum treatment for Castleman's disease remains uncertain. Early reports of multicentric Castleman's disease in seropositive patients suggested a median survival of less than 6 months. However, earlier recognition of the diagnosis and treatment with splenectomy followed by single agent chemotherapy may prolong survival. In the largest reported series from Paris of 20 patients treated with splenectomy and vinblastine, the median survival was 14 months. 23 A recent study has demonstrated that HHV8 is specifically associated with a variant of multicentric Castleman's disease with light chain restricted HHV8 positive plasmablasts in the mantle zone of B cell follicles. There is a high frequency of plasmablastic lymphoma associated with multicentric Castleman's disease and these lymphomas are also positive for HHV8 and light chain.
24

Pathogenesis
It is thought that immune stimulation by HIV virus 25 and reactivation of previous EBV infection due to defective T cell surveillance, leads to long term stimulation and proliferation of B lymphocytes resulting in the development of AIDS related NHL. Moreover, even in the absence of EBV infection, HIV induces the production of inflammatory cytokines that cause B cell stimulation, proliferation, and activation, [26] [27] [28] and cell lines derived from AIDS related NHL have been found to express cytokines including interleukin 6, interleukin 10, and tumour necrosis factor . 29 Primary infection of epithelial cells by EBV is associated with the infection of some resting B lymphocytes via the CD21 receptor. Most infected B lymphocytes express EBV latently with a type 3 latency expression, producing up to six EBV nuclear antigens (EBNAs) as well as latent membrane proteins (LMP) 1, 2A, and 2B. Some B cells appear to switch to a latency 1 pattern expressing only EBNA-1 a nuclear antigen and these cells may escape destruction by cytotoxic T lymphocytes and persist. They are believed to be the origin of EBV reactivation and EBV positive NHL. Indeed, EBV genomic terminal analysis has shown clonal EBV infection in HIV associated NHL, implying that EBV infection precedes clonal expansion. HIV associated diVuse large cell and immunoblastic lymphomas are frequently associated with EBV. The EBV genome in these lymphomas expresses latency type 3 antigens including EBNA-2 and LMP-1 and 2 which have transforming activity in vitro. In addition, cellular genes are expressed including the cellular adhesion molecule ICAM-1 (intercellular adhesion molecule 1 or CD54), the integrin LFA-1 (lymphocyte function associ-ated antigen 1 or CD18), and the addressin LHR (ligand lymphocyte homing receptor or CD44). However, the EBV genome can be detected in only 60% of these HIV associated large cell lymphomas 30 compared with almost all cases of post-transplantation NHL. This implicates other factors in the aetiology of these malignancies associated with HIV infection, including polyclonal B cell expansion and impaired T cell immunosurveillance. In contrast, EBV is present in around 30% HIV associated Burkitt's lymphoma and in these tumours EBV is found in the latency type 1 profile expressing only EBNA-1 and a small abundant non-translated RNA (EBER). 30 A second herpesvirus, HHV8, that is causally implicated in Kaposi's sarcoma is also implicated in a subset of AIDS related NHL. HHV8 has been demonstrated in both HIV associated primary eVusion lymphoma and Castleman's disease 22 31 Burkitt's lymphoma (BL) is not associated with other forms of immunosuppression and occurs in endemic and sporadic forms. The former is a childhood lymphoma prevalent in equatorial Africa and intimately associated with both EBV and a characteristic chromosomal translocation involving c-myc. The sporadic version of the disease which aVects young adults is less frequently associated with EBV infection and similar but distinct genetic rearrangements are seen. The HIV associated BL resembles sporadic BL in that only 30% are EBV positive and c-myc/immunoglobulin gene translocations are found in most cases. The translocation breakpoints on chromosome 8 occur most frequently in exon 1 or intron 1 of the c-myc gene in AIDS related NHL rather than 5' upstream of the gene. This pattern of translocation break points on c-myc do not alter the peptide sequence since exon 1 is not translated, and resemble the break points observed in sporadic BL rather than endemic BL. [32] [33] [34] The reciprocal break point most often found lies in the Sµ portion of the immunoglobulin heavy chain gene on chromosome 14. This pattern, which is also found in sporadic BL suggests that the mechanism of translocation is defective recombination during isotype class switching of the constant region of the heavy chain of immunoglobulin, which occurs late in B lymphocyte ontogeny in the germinal centres.
In addition to EBV and c-myc other genetic events have been identified in AIDS related NHL that may contribute to the pathogenesis of these tumours. The tumour suppressor gene P53 has a central role in cell cycle control and hence regulates cell replication. About 40% of HIV associated NHL have been found to have mutations of p53 gene. These mutations are found most commonly associated with the small non-cleaved cell or Burkitt-like variants rather than the diVuse large cell histologies. In contrast, mutations of the retinoblastoma gene which is also a cell cycle regulator have not been found in HIV associated NHL.
Chromosome 3q27 translocations in diVuse large cell lymphomas led to the identification of a novel oncogene bcl-6. Bcl-6 encodes a zinc finger transcription factor which is selectively expressed in germinal centre B lymphocytes. This gene is rearranged in 30-40% diVuse large cell lymphomas and rearrangements have been found in 20% HIV associated NHL including mutations of the 5' non-coding regulatory sequences. [35] [36] [37] In contrast, rearrangements of Bcl-1 and Bcl-2 have not been demonstrated in AIDS associated NHL.
Genetic markers may identify HIV infected people at a particularly high risk of developing HIV related NHL. Rabkin et al have studied chemokine and chemokine receptor gene variants in this context. Stromal cell derived factor 1 is a polymorphic chemokine with 37% white and 11% black Americans carrying the 3'A variant. The SDF-1 3'A variant was associated with a doubling of the risk of HIV associated NHL in heterozygotes and quadrupling of the risk in homozygotes. In contrast, the presence of the chemokine receptor variant CCR5 32 is protective against the development of NHL while the CCR2-64I variant has no significant eVect. 38 39 People who carry the CCR5 32 deletion do not express CCR5 and have been found to be resistant to infection by HIV despite frequent exposure. [40] [41] [42] CCR5 is the macrophage coreceptor for macrophage tropic non-syncytium inducing strains of HIV. In contrast, variants of CCR2, another chemokine receptor, are associated with nonprogression of HIV to AIDS.
The role of HIV itself in the development of NHL appears to be confined to its lymphoproliferative eVects; indeed one tumour has been described that secreted a monoclonal paraprotein directed at the gp160 antigen of HIV. 43 In rare tumours HIV may be playing a more direct part as a transforming oncogenic virus and one HIV associated T cell tumour has been shown to harbour monoclonally integrated HIV in the tumour genome. 44 
Clinical features
Patients with HIV associated NHL more frequently present with advanced disease and/or extranodal disease than immunocompetent patients and B symptoms occur in up to 90% of patients. 45 46 The commonest site of extranodal disease is the gastrointestinal tract 47 particularly the small intestine, stomach, and perianal region. Similarly, hepatic involvement occurs in up to one quarter of patients and results have suggested that the prognosis is particularly poor. 48 Bone marrow involvement by lymphoma occurs in up to 20%, 49 although trilineage myelodysplasia is almost ubiquitous owing to the HIV and may add to the myelotoxicity of cytotoxic chemotherapy treatments. In addition to primary cerebral lymphoma, central nervous system involvement by systemic NHL is frequent. Leptomeningeal disease may be present at diagnosis and is asymptomatic in up to 20% patients with AIDS related systemic NHL 50 ; this is why all patients should have a diagnostic staging lumbar puncture. In addition, the cerebrospinal fluid is a common site of relapse and prophylactic intrathecal chemotherapy should be administered to patients considered to be at high risk.
In general, patients with AIDS associated Burkitt's lymphoma are younger and have higher CD4 cell counts than those who develop diVuse large cell/immunoblastic NHL. 4 51 Moreover, Burkitt's lymphoma more often involves the bone marrow and lymph nodes, while the diVuse large cell/immunoblastic tumours more frequently present with extranodal disease involving the gastrointestinal tract and of course include all the primary cerebral lymphomas. 51 52 There is no significant diVerence in outcome between the two histological groups in most studies.
Prognostic factors
Early series reported that the most influential prognostic variables for survival related to the severity of immunosuppression rather than lymphoma related factors. This may have been because the majority of patients present with advanced stage, B symptoms and/or extranodal disease and these factors are therefore less discriminatory regarding prognosis. Multivariate analysis of two series revealed that the CD4 count at diagnosis, a history of a previous AIDS defining diagnosis, a poor performance status, and bone marrow involvement were independent adverse prognostic factors. 53 54 An international prognostic index for lymphoma has been introduced for aggressive lymphomas in the non-HIV infected population 55 and this scoring system has also been evaluated in HIV associated lymphomas. Elevated serum LDH, age over 40 years, and CD4 lymphocyte count <100 ×10 6 /l were confirmed as adverse prognostic variables. However, more recent prospective data, such as that provided by a recent AIDS Clinical Trials Group (ACTG) study suggested that the prognostic variables in AIDS related lymphoma closely resemble those in the international prognostic index for non-HIV associated non-Hodgkin's lymphoma. 56 In one series of 73 patients with HIV associated lymphoma from Italy a subgroup of 13 patients who achieved a durable complete remission of at least 2 years was identified. This group had higher CD4 lymphocyte counts and better prognostic scores at presentation than the remaining patients. However, there were no diVerences in the histological subtypes between the long term survivors and the other patients. 57 This group reported in 1996 that the 2 year survival for patients with a good prognosis treated with chemotherapy was 50% compared with 24% for those with a poor prognosis. 58 The patients with a good prognosis in complete remission following chemotherapy had a median survival of 34.5 months. In an earlier series published in 1991, a similar group of patients was found to have a median survival of 18 months. 54 The improvement in median survival in this group of patients probably is real and represents advances in the management of HIV since many of these patients will succumb to HIV related illness rather than the NHL.
Treatment
Combination chemotherapy is the optimal treatment modality for AIDS associated NHL as patients usually have disseminated disease and extranodal involvement at presentation. Unfortunately, it was recognised early in the epidemic that most patients did not tolerate standard lymphoma chemotherapy well owing to the immunosuppression from HIV and for many patients with adverse prognostic factors the life expectancy was very short. This led clinicians to adopt a prognosis stratified approach to the management of HIV associated NHL.
Patients with the major adverse prognostic factors (low CD4 cell count, poor performance status, and previous AIDS defining illnesses) are treated with palliative intent using mild chemotherapy and/or radiotherapy. The palliative chemotherapy schedules include a combination of oral prednisolone and intravenous vincristine often with intravenous bleomycin. Radiotherapy can be used for localised symptomatic lesions. The life expectancy for these patients is 3-6 months, although there have been no studies that address the role of this palliative chemotherapy approach.
Initially, conventional doses of chemotherapy were used for patients with better prognostic factors. However, marked toxicity and an increased incidence of opportunistic infections led to modifications of the standard lymphoma regimens, such as the modified mBACOD schedule used by the AIDS Clinical Trial Group (ACTG). 50 Subsequently, the availability of haematopoietic growth factors allowed more myelotoxic schedules to be studied. Full dose mBACOD with granulocytemacrophage colony stimulating factor (GM-CSF) support was compared with low dose mBACOD in a randomised comparison. There was no diVerence in either response or survival duration; however, an increased incidence of neutropenic sepsis was recorded in the full dose arm. 59 A number of prospective trials of chemotherapy for HIV associated NHL have been performed based on schedules used in the immunocompetent population which have shown response rates of 33-63% and median survivals of 5-11 months. 50 53 60-62 These studies are not directly comparable owing to variations in case mix between series and diVerences in patient selection. None the less, the response rates and survival data for these trials remain worse than those for HIV negative patients with high grade NHL.
Up to 30-40% of the patients with good prognostic features will remain in remission following treatment until another AIDS related illness ensues. Recent studies have reported higher median survivals with no change in response rates for AIDS related NHL. 63 It is speculated that this improvement is due to a reduced incidence of opportunistic infections in the HAART era among patients who have durable remissions of their NHL.
Infusional chemotherapy for AIDS related NHL has been pioneered by Sparano et al using the combination of cyclophosphamide, doxorubicin, and etoposide (CDE) adminis-tered as a 96 hour continuous infusion for up to six courses at 4 weekly intervals together with granulocyte colony stimulating factor (G-CSF) and nucleoside reverse transcriptase inhibitors. Initial reports in a selected group of 25 patients with a median CD4 count of 117 ×10 6 /l produced an impressive median survival of 18.4 months. 64 More recently this schedule has been used in conjunction with protease inhibitor based HAART therapy with similar results although there was more mucositis with the protease inhibitor. 65 Whether the impressive survival with CDE reflects a schedule which truly produces more durable responses on account of the steroid sparing or infusional schedule, or is due to recent improvements in the overall management of HIV disease, remains to be seen. Indeed the preliminary results with CDE from the multicentre Eastern Cooperative Oncology Group trial have been far less impressive 66 as is so often the case following encouraging initial single centre studies.
HAEMATOPOIETIC GROWTH FACTORS
Patients in the good prognostic category may be treated with conventional NHL chemotherapy regimens with the aim of cure. However, because of the underlying immunodeficiency, poor bone marrow reserve owing to HIV myelodysplasia, and concomitant use of myelosuppressive agents, such as zidovudine and ganciclovir, many patients develop opportunistic infections, neutropenic sepsis, or persisting neutropenia causing chemotherapy delays and hence suboptimal treatment. The use of bone marrow stimulatory factors may facilitate the use of chemotherapy but improved survival has not been demonstrated.
ANTIRETROVIRAL DRUGS
The concomitant use of antiretroviral agents with chemotherapy is generally acceptable practice with the exception of zidovudine, which significantly adds to the myelosuppression of combination chemotherapy, and didanosine, which may worsen the peripheral neuropathy caused by vinca alkaloids. Little is known about the interactions of protease inhibitors and chemotherapy although the inhibition of p450 may reduce hepatic metabolism of cyclophosphamide and the anthracyclines. For these reasons the infusional schedule EPOCH (etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin) has been developed at the National Cancer Institute and omits all antiretroviral therapy for the duration of the chemotherapy. In addition to the impressive response rate reported, there has been a restoration of immune function as measured by CD4 cell count and HIV mRNA viral load within 3 months of the reintroduction of antiretroviral therapy after completing the chemotherapy. 67 
INTRATHECAL CHEMOTHERAPY
There is a high rate of meningeal involvement in HIV associated systemic NHL and it is not necessarily associated with bone marrow involvement or a poor prognosis. Although the frequency of meningeal relapse can be reduced by the use of prophylactic intrathecal chemotherapy this necessitates repeated lumbar punctures. Intrathecal chemotherapy (methotrexate or cytosine arabinoside) should therefore be given to patients with meningeal disease or at high risk of cranial disease by virtue of Burkitt's histology or extensive paranasal sinus and base of skull disease. Most centres also recommend prophylactic intrathecal chemotherapy for patients with bone marrow involvement.
NEW DEVELOPMENTS MGBG (methyl-glyoxal-bis guanylhydrazone) is a relatively non-myelotoxic spermidine analogue which inhibits cellular polyamine synthesis and has been used with some success in both relapsed systemic NHL and in primary cerebral NHL 68 ; however, it has not been licensed. Monoclonal antibodies to IL-6 have been evaluated in AIDS related lymphoma with limited success. 69 In addition, antibody conjugates have been tested in refractory HIV associated lymphoma. This conjugate was formed of ricin bound to a mouse derived IgG1 monoclonal antibody B1 (antiCD19). CD19 is expressed on normal and malignant B lymphocytes. No significant toxicity was reported in a phase I dose escalating study in nine patients and the response rate was 22%. 70 Following initial positive results the ricin blocked anti-CD19 antibody conjugate was used in combination with low dose M-BACOD chemotherapy. The complete remission rate was 57% although the contribution of the immunoconjugate cannot be separated from that of the chemotherapy. 71 Furthermore, studies of rituximab, a humanised monoclonal antibody to CD20 are under way in this group of patients.
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Conclusion
High grade non-Hodgkin's lymphoma continues to be the second most common neoplasm in people with HIV. The incidence has not changed with the introduction of highly active antiretroviral therapy for HIV despite improved data for other opportunistic cancers, particularly Kaposi's sarcoma. Modified chemotherapy schedules have been used with limited success compared with the HIV negative population. It is hoped that in the future advances in the understanding of the pathogenesis of HIV associated NHL will become the basis for therapeutic strategies directed at the biology of these tumours.
